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Antibiotic resistance in bacteria is becoming a serious problem, especially after the emergence of
multidrug-resistant strains. To overcome this problem, new and effective antibacterials or resistance
modulators are highly needed and plant kingdom represents a valuable source of these compounds. In
this study we investigated the antibacterial and resistance modulatory activity of Aniseeds waste Residue
Extract (ASWRE) and Star Anise Waste Residue Extract (SAWRE) (post-distillation) against 100 isolates
belonging to two Gram positive (Streptococcus pneumoniae and Staphylococcus aureus) and four Gram
negative bacteria (Klebsiella pneumoniae, Escherichia coli, Acinetobacter baumannii and Pseudomonas
aeruginosa). Phenolic compounds of anise wastes were determined by HPLC. The antibacterial activity of
anise waste extracts assays were performed by using inhibition zone diameters, MIC and MBC. Evaluation
of synergy interaction between anise waste extracts and certain known antibacterial drugs like Ceph-
radine, Chloramphenicol, Tetracycline and Amoxicillin was carried out using disc diffusion method, MIC
and the fractional inhibitory concentrations (FIC). The results showed that HPLC method has been
developed for the determination of 25 phenolic compounds from waste extracts. Both ASWRE and
SAWRE have signiﬁcant antibacterial activity against all of the test bacteria. SAWRE was found to have
higher amounts of phenolic compounds contents that might be responsible for their comparatively
higher antibacteria activity than ASWRE. Irradiation at 10 and 30 kGy did not signiﬁcantly affect the
antibacterial activity of both ASWRE and SAWRE. The combination of anise waste extracts and the tested
antibiotics mostly showed synergistic effect. Synergistic interaction was most expressed against Strep-
tococcus pneumoniae (Sp1) and Staphylococcus aureus (Sa1) by Tetracycline and chloramphenicol; Pseu-
domonas aeruginosa (P2), Klebsiella pneumoniae (K3), Acinetobacter baumannii (A2) and Escherichia coli
(E3) by cephradine, amoxicillin and Tetracycline. The combination between anise waste extracts and the
test antibiotics could be useful in ﬁghting emerging drug-resistant bacteria. These results suggest that
both aniseeds and star anise waste residue methanolic extract (post-distillation) could be good economic
sources of multidrug resistance inhibitors, and indicate that indiscriminate co-administration of anti-
biotics with some aromatic and medicine wastes such as those from aniseeds and star anise wastes could
be therapeutically wasteful. Their use in combination with conventional antibiotics should be further
studied for in vivo activities. This may lead to the development of much needed drug enhancing
preparations.
© 2016 The Egyptian Society of Radiation Sciences and Applications. Production and hosting by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).zzam).
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In the recent times the emergence and spread of multidrug
resistance as a phenomenon among bacterial pathogens has been a
major problem confronting the ﬁeld of antibacterial chemotherapy.
However, it has been found that, in addition to the production ofon and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
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somemedicinal plants also produce multidrug resistance inhibitors
which enhance the activities of antibiotics against multidrug
resistant bacteria pathogens (Eze, Oruche,& Eze, 2013). This ﬁnding
prompted efforts in screening of crude extracts for synergistic
interaction with standard antibiotics against resistant bacteria
which would pave the way for possible isolation of multidrug
resistance inhibitors of plant origin.
During the last years the interest in the recovery, recycling and
upgrading of residues from aromatic plants processing has been
very important. These plants produce large volume of wastes both
solid and liquid, which represent a disposal and potentially envi-
ronmental pollution problem. Nowadays, the biological potential of
various plant waste materials is the focus of numerous studies. This
trend includes not only the examination of fruits and plant prod-
ucts such as wine, olives, beetroot, tomato, garlic, and pomegranate
(Ciofﬁ et al., 2010; Kallel et al., 2014; Sagdic et al., 2011; Vulic et al.,
2012), but also aromatic plants (Gavaric et al., 2015; Pogacar,
Klancnik, Bucar, Langerholc, & Mozina, 2015; Timasheva &
Gorbunova, 2014). These investigations also include their antibac-
terial activity, considering the fact that waste material extracts
represent the valuable source of different phenolic compounds.
These studies are important, both in terms of economy and ecology,
in order to elucidate the way to exploit post-distillation waste
material of aromatic plants and other plant waste materials more
efﬁciently.
Essential oils are valuable natural molecules which are widely
used in cosmetics agricultural, and food industries. For most me-
dicinal and aromatic plants, essential oil contents are only up to 1%,
which means that there will be 99% of residues after extraction of
essential oils. Containing rich secondary metabolites, the residues
could be potential sources of bioactive compounds, e.g. natural
antioxidants, antimicrobial and antiviral which, in recent years,
have been increasingly sought after in cosmetic, food and phar-
maceutical industries (Zhao, 2014).
Aromatic plants such as anise seeds and star anise have a long
traditional use in both folk and conventional medicine and in the
pharmaceutical industry (Shojaii & Fard, 2012). Aromatic and me-
dicinal plants are found to be a rich source of various phenolic
compounds, particularly phenolic acids and secondary metabolites
that are expected to be the cause of its biological activity. In recent
years, numerous studies conﬁrm various bioactivities of essential
oils. The lack of works on the complete utilization of plants has
necessitated the more detailed study of the biochemical composi-
tion of raw materials and the development of complex processing
technologies which must provide the most exhaustive extraction of
biologically active substances with different spectra of activity.
Essential oils in plants usually composes a small portion of all the
biologically active components accumulated inside a plant, so
waste residues obtained after essential oil extraction contain
valuable organic components (extractive substances) of interest.
The liquid and solid waste residues formed in the process of
distillation are not utilized. Liquid wastes are distillation water
(distillation fraction water) obtained in the steam distillation of
volatile organic components. In the essential oil production,
distillation water is a distillation process waste and amounts more
than 70% of theweight of processed rawmaterials; it is not recycled
in technological process, but disposed into sewers. However,
distillation water contains a variety of biologically active compo-
nents, which are so necessary in the pharmaceutical, perfume and
cosmetics, and food industries. It is known that some components
are water-soluble. For this reason, it is possible to say that distil-
lation water is a saturated aqueous extract (Timasheva &
Gorbunova, 2014).
The objective of this study was to evaluate the bioactivity ofaniseeds and star anise, waste liquid material that remains after the
essential oil production. Such residual materials are often disposed
of and may present an environmental problem. Their high phenolic
content and the potential to provide an economically feasible
source of natural antimicrobials are unused. Hence, the present
study was conducted to study out the antibacterial activity of ani-
seeds and star anise waste residues (post-distillation waste mate-
rial) extracts, against the locally isolated microorganisms from
patients having infectious diseases in our country and the ability of
waste extracts to act synergistically with conventional antibiotics
to better manage resistant bacterial infectious diseases.
2. Materials and methods
2.1. Plant formulations preparation
Aniseeds and Star anise (fruits) were bought from a commercial
source in Cairo, Egypt, and then divided into three groups; the ﬁrst
was left without irradiation and considered as control, while the
second and the third groups were exposed to gamma irradiation at
dose levels of 10 and 30 kGy. Irradiation was performed in the
National Center for Radiation Research and Technology (NCRRT)
Nasr City, Cairo, Egypt, at dose rate 3.49269 kGy/h using the “Indian
Gamma Chamber 4000 A” with a 60Co source.
The post-distillation waste liquid residues remaining after the
recovery of essential oils were prepared after hydro-distillation of
the aniseeds and star anise in a Clevenger-type apparatus
(SenthilKumar, Swaminathan, & Kumar, 2009). The essential oil
was collected, and the post-distillationwaste liquid residue ﬁltered
and then freeze dried and dissolved in methanol for further testing
as post-distillation extract, aniseeds waste residue extract (ASWRE)
and star anise waste residue extract (SAWRE).
2.2. Bacterial strains and antibiotic susceptibility test
The clinical isolates used were collected from patients hospi-
talized in various departments of the Arab Contractors Medical
Center, Cairo, Egypt. 100 isolates belonging to two Gram positive
bacteria (Staphylococcus spp. (25) and Streptococcus spp. (13)) and
four Gram negative bacteria (Escherichia coli (17), Klebsiella spp.
(12), Acinetobacter spp. (18) and Pseudomonas spp. (15)), were ob-
tained over 6months period fromvarious clinical specimens (urine,
sputum, prostatic secretion, wound, tip of endo-trachial tube, dia-
betic foot, blood, tip of urinary catheter, cerebrospinal ﬂuid).
All clinical isolates were screened for antibiotic resistance using
Kirby-Baurer disc diffusion technique (Cheesbrough, 2000) using
18 different antibiotics that affect cell wall, protein synthesis and
DNA (penicillin (P), Amoxicillin/Clavulanate (AMC), Vancomycin
(VA), Amoxicillin (AX), Ampicillin/sulbactam (SAM), Nitrofurantoin
(F), Aztreonam (ATM), Cefoperazone (CEP), Chloramphenicol (C),
Clindamycin (DA), Gentamicin (CN), Tetracyclin (TE), Erythromycin
(E), Oﬂoxacin (OFX), Norﬂoxacin (NOR), Cephradine (CE), Cipro-
ﬂoxacin (CIP), Trimethoprime/Sulfamethoxazole (SXT)).
The inhibition zones in mm were interpreted as sensitive, in-
termediate and resistant using the interpretation chart supplied by
antibiotic discs manufactures (Bioanalyse, Turkey). At least one
resistant isolate from each of the tested organisms, which was
resistant to more than two of the above antibiotics, was chosen and
biochemically identiﬁed to the species level for further study.
2.3. HPLC of the phenolic proﬁle of ASWRE and SAWRE
Phenolic compounds in ASWRE and SAWREwere determined by
HPLC according to the method of Goupy, Hugues, Biovin, and Amiot
(1999) at Agricultural Researches Center, Food Technology
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methanol and centrifuged at 10000 rpm for 10 min and the su-
pernatant was ﬁltered through a 0.2 mm Millipore membrane ﬁlter
then 1e3 ml was collected in a vial for injection into HPLC Agilent
(series 1200) equipped with autosampling injector, solvent degas-
ser, ultraviolet (UV) detector set at 330 nm and quaternary HP
pump (series 1100). The column temperature was maintained at
35 C. Gradient separation was carried out with methanol and
acetonitrile as a mobile phase at ﬂow rate of 1 ml/min phenolic
acids standard from sigma Co. were dissolved in amobile phase and
injected into HPLC. Retention time and peak area were used to the
calculation of phenolic compounds concentration by the data
analysis of Agilent software.
2.4. Antibacterial activity of ASWRE and SAWRE
Antibacterial activity of non-irradiated and irradiated (10 and
30 kGy) ASWRE and SAWRE were assessed against all the 100
isolates by using agar disc diffusion methods (Vaghasiya, Parekh,
Shukla, & Chanda, 2011). The Petri plates were prepared by pour-
ing 20 ml of sterilized molten Mueller Hinton agar (MHA) seeded
with 200 ml test culture (turbidity of the 0.5 McFarland standard).
Plates were allowed to solidify. Sterile ﬁlter paper discs (6 mm)
were impregnated with 40 ml of each extract separately and
allowed to saturate for 30 min then placed on the surface of the
agar plates which had previously been inoculated with tested
bacteria. All plates were incubated for 24 h at 37 C. Results were
recorded bymeasuring the zone of inhibition appearing around the
discs. The experiment was performed in triplicate and the mean
values are presented.
2.5. Determination of minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of the ASWRE and
SAWRE against the antibiotic resistant isolates
The MICs andMBCs of the ASWRE and SAWRE were determined
by agar plate dilution technique following the recommendations of
the Clinical and Laboratory Standard Institute (CLSI, 2012). Two-
fold serial dilutions of both extracts were prepared ranging from
2 to 1024 ml/ml. Appropriate dilutions were then mixed thoroughly
with molten agar that have been allowed to equilibrate in water
bath (45e50 C). Plates were poured and allowed to solidify at
room temperature. An aliquot of standardized inocula (turbidity of
the 0.5 McFarland standard) from overnight culture of multidrug
resistant isolates (Streptococcus pneumoniae, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Escherichia coli and
Pseudomonas aeruginosa) were applied to the agar surface. Two
growth control plates (no extracts) were inoculated before and
after starting with the concentrations to ensure there was no
contamination. Inoculated plates were allowed to stand at room
temperature. Inverted plates incubated at 37 C for 24 h. Bacterial
cultures showing no growth were taken as extracts' MIC and left at
37 C for another 24 h for MBC determination.
2.6. Synergy assay
2.6.1. Antibiotic modulation assay by disc diffusion technique
The resistance modifying potency of the ASWRE and SAWRE
was determined (Alotaibi, Alodeani, & Izhari, 2014) as follows:
Appropriate dilutions of waste extracts were incorporated into a
speciﬁc volume of molten Mueller Hinton agar at 50 C (60 ml/ml).
Themediawas then poured into Petri plates and allowed to solidify.
The plates were then inoculated with a standardized 18 h old broth
culture of the test bacteria isolates by using a sterile cotton tipped
swab. The activities of the antibiotics on the test organism werethen evaluated by Kirby-Baurer disc diffusion techniques using
antibiotic discs prepared in the laboratory. The plates without the
waste extracts were also inoculated and tested as controls. The
experiment was carried out in duplicates. The inhibition zone
diameter of each antibiotic disc was measured after incubation at
37 C for 24 h. The effects of the waste extracts on the activity of the
antibiotic discs against the resistant organisms was evaluated by
comparing the size of inhibition zone diameters in plates contain-
ing plant extracts and in control plates without plant extract.
2.6.2. Antibiotic modulation assay by determining MIC and MBC
The resistance modifying potency of waste extracts were also
evaluated through determination of minimum inhibitory concen-
tration (MIC) of the antibiotics against resistant isolates in the
presence and absence of extracts. The MICs of the antibiotics were
determined by previously described agar dilution plate technique
following the standard procedure of the Clinical and Laboratory
Standards Institute (CLSI, 2012). Some modiﬁcations were carried
out for MIC determination of the combination; stock solutions were
made by mixing antibiotics and waste extracts (1:1). Two-fold se-
rial dilutions were made from these stock solutions ranging from 2
to 1024 ml/ml then mixed with molten agar (45e50 C) and poured
into plates. After solidiﬁcation standardized inocula (turbidity of
the 0.5 McFarland standard) from an overnight culture of tested
isolates was applied. Growth control plates without neither anti-
biotics nor extracts and control plates with different solvents were
also inoculated. The experiment was conducted in duplicate and
incubated at 37 C for 24 h.
2.6.3. The fractional inhibitory concentration (FIC)
The MIC of each combination was determined as described
previously. For each isolate, the fractional inhibitory concentrations
(FIC) values of antibiotics and wastes were calculated using equa-
tions 1and 2:
FIC A (extract) ¼ MIC of the extract in combination / MIC of the
extract alone (1)
FIC B (antibiotic) ¼ MIC of the antibiotic in combination / MIC of
antibiotic alone (2)
The sum of FIC A and FIC B gives the FIC Index (Equation (3))
from where the interaction can be detected:
FIC Index ¼ FIC A þ FIC B (3)
The combinations were classiﬁed as synergistic, additive,
indifference and antagonistic, if the FIC Index <1,¼1, >1 2 and >2
respectively (Okore, 2009).
3. Results and discussion
3.1. Antibiotic susceptibility test
Antibacterial mechanisms of the drugs used here were variable.
Their mechanisms were either inhibition of cell wall synthesis or
protein synthesis or damage of cytoplasmic membrane.
Antibiotic resistance pattern of the 100 isolates of Gram positive
and Gram negative bacteria testes against 18 antibiotics are shown
in Table 1.
This study showed that antibiotic resistance of tested isolates
was high and alarming. All the bacteria showed resistance against
antibiotics but to a varying level. Penicillin, azetronam, clindamycin
and erythromycin were thought to be the most antibiotics that
isolates showed resistance against them. Resistant bacteria could
Table 1
Resistance proﬁle of the antibiotic resistant bacterial isolates.
Antibiotic Clinical isolates(N)
Resistance (%)
Sp(13) Sa(25) K(12) A(18) E(17) P(15)
P 100 100 100 94 100 100
AMC 100 80 58 78 53 87
VA 85 48 100 72 88 80
AX 54 56 83 78 82 87
SAM 69 40 25 67 53 73
F 77 52 83 94 47 93
ATM 100 100 100 100 77 60
CEP 62 68 67 83 71 80
C 92 48 42 78 65 93
DA 62 52 100 94 100 100
CN 46 64 92 94 100 87
TE 100 64 92 94 71 100
E 92 60 100 94 100 100
CE 54 40 58 89 53 100
CIP 54 68 92 83 65 87
OFX 39 48 75 83 59 73
NOR 62 48 75 89 59 60
SXT 69 60 92 89 65 100
(N)¼ number of isolates, (R)¼ resistant, Sp: Streptococcus spp., Sa: Staphylococcus
spp., K: Klebsiella spp., A: Acinetobacter spp., E: Escherichia coli, P: Pseudomonas spp.
Table 2
Major phenolic compounds identiﬁed in ASWRE and SAWRE.
Phenolic compounds Concentration of phenolic
compounds (ppm)
ASWRE SAWRE
Gallic acid 83.68 226.11
Pyrogallol 267.42 574.99
3-OH-Tyrosol 245.05 564.09
4-Amino-benzoic acid 31.04 461.56
Protocatchuic acid 1024.60 3873.39
Chlorogenic acid 616.24 851.04
Catechol 132.06 177.50
Epicatechein 119.14 1163.66
Catechein 118.19 e
Caffeine 153.52 413.84
P-OH-benzoic acid 160.74 624.31
Caffeic acid 144.71 570.80
Vanillic acid 218.69 136.29
Ferulic acid 129.84 458.42
Iso-ferulic acid 120.89 226.69
e-vanillic acid 494.03 2799.82
Reversetrol 103.41 73.11
Ellagic acid 378.49 540.16
Alpha-coumaric acid 43.69 144.05
Benzoic acid 111.55 1022.41
3,4,5-methoxy-cinnamic acid 68.91 74.09
Coumarine e 104.32
Salycilic acid 373.09 414.45
p-coumaric acid 23.07 99.88
Cinnamic acid 7.90 241.53
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broad spectrum antibiotics. Antibiotics are frequently prescribed in
hospital and general practice and often administered before the
pathogen's culture and sensitivity results are known. Furthermore,
genetic testing requires signiﬁcant technical and ﬁnancial resources
which might be lacking in many clinical laboratories (Kaushik,
Tomar, Tiwari, Saraswat, & Shrivastav, 2014).
As the distribution of causative organisms and antibiotic resis-
tance rates vary according to time and place, the recent local data
will be conductive to the clinicians for choosing the best treatment.
As a result, not only the patients will be treated with the correct
antibiotics but the misuse and overuse of antibiotics, which lead to
rapid development and spread of resistance, will be minimized.3.2. HPLC analysis of ASWRE and SAWRE
Polyphenols extracted from ASWRE and SAWRE were charac-
terized qualitatively and quantitatively by HPLC (Table 2). The
identiﬁcation of polyphenols was done by comparing retention
time of the peaks with that of standard compounds. Quantiﬁcation
of the identiﬁed compounds was achieved by comparing the peak
area of individual compound with that of standards. HPLC method
has been developed for the determination of 25 phenolic com-
pounds from waste extracts. The concentrations of identiﬁed
polyphenolic compounds in both analyzed samples are presented
in Table 2. They were shown in the order of their retention time. In
the waste extract of aniseeds and star anise, protocatchuic (1024.6,
3873.39), chlorogenic (616.24, 851.04), epicatechein (119.14,
1163.66) and e-vanillic (494.03, 2799.82) were the compounds
found in the largest amount, respectively, followed by Caffeic
(144.71, 570.8), Ellagic (378.49, 540.16), Ferulic (129.84, 458.42),
and Caffeine (153.52, 413.84), Gallic (83.68, 226.11) and Vanillic
(218.69, 136.29), respectively. Both qualitative and quantitative
differences between ASWRE and SAWRE were observed, the
amount of phenolic compounds in SAWRE was higher than ASWRE
with the exception of vanillic and reversetrol, which were higher in
ASWRE, Catechein not detected in SAWRE Moreover, Coumarine
which could not be detected in ASWRE, was identiﬁed in SAWRE
chromatograms. These differences in phenolic content could be
explained by the impact of geographic and climatic conditions onthe determination of polyphenols content in plants (Leouifoudi,
Harnaﬁ, & Zyad, 2015).
It was reported that majority of polyphenoles having antimi-
crobial property to some extent. Mary and Merina (2014) reported
the antimicrobial activity of kaempferol content. Chlorogenic acid
exhibited antibacterial as well as antifungal activity by disrupting
the structure of the cell membrane (Lou, Wang, Zhu, Ma, & Wang,
2011; Sung & Lee, 2010). Protocatechuic and caffeic acids have
also exhibited inhibitory effect against enterobacteria (Almeida,
Farah, Silva, Nunan, & Gloria, 2006). Ferulic and gallic acids show
antibacterial activity against gram positive and gram negative
bacteria (Borges, Ferreira, Saavedra, & Sim~oes, 2013).3.3. Antibacterial activity of ASWRE and SAWRE (irradiated and
non-irradiated)
In the last few years, an increased attention has been focused on
the industrial wastes, especially those containing residual phenols
from the used raw plants. So the extracts of aniseed and star anise
waste residues were screened for their antibacterial activity against
six isolates (the most potent multi drug resistant) from different
bacterial groups using agar disc diffusion method (Table 3). The
results showed that both ASWRE and SAWRE have signiﬁcant
antibacterial activity against all of the test bacteria. Data in Table 3
indicate that there was no statistical differences in inhibition zone,
at the tested concentration of both extracts for all bacterial test
isolates except Pseudomonas aeruginosa (P2), The largest inhibition
zones were obtained with P. aeruginosa (P2) (19, 23 mm). This in-
dicates that these bacteria were the most sensitive among the
tested bacterial species, suggesting that the phenolic compounds
present in both extracts may contribute more to the antibacterial
activity in P. aeruginosa than in other species. On the other hand,
Escherichia coli (E3) (11, 15.3 mm), was considered as the least
sensitive one against the tested extracts. To our knowledge there is
not available data on the antibacterial activity of anise waste res-
idue (post distillation waste) after essential oils extraction; other
Table 3
Antibacterial activity of ASWRE and SAWRE (irradiated and non-irradiated).
Clinical isolate Inhibition zone (mm)
ASWRE SAWRE
NI 10 kGy 30 kGy NI 10 kGy 30 kGy
S.p (S1) 13.0abb ± 0.5 12.3abb ± 0.6 13.6abb ± 0.3 17.6aab ± 0.3 16.3aab ± 0.3 16.6aab ± 0.6
S.a (S1) 14.0abb ± 0.5 14.3abb ± 0.3 13.3abb ± 0.8 16.6aac ± 0.3 17.3aac ± 0.3 16.0aac ± 0.5
K.p (K3) 12.6abb ± 0.6 13.0abb ± 0.5 13.3abb ± 0.3 18.3aab ± 0.3 16.0aab ± 0.5 17.3aab ± 0.6
A.b (A2) 12.3abb ± 0.3 11.3abb ± 0.6 12.3abb ± 0.3 18.3aaa ± 0.3 18.3aaa ± 0.3 18.0aaa ± 0.3
E.c (E3) 11.0abb ± 0.5 12.3abb ± 0.3 11.6abb ± 0.6 15.3aac ± 0.6 16.3aac ± 0.3 16.0aac ± 0.5
P.a (P2) 19.0abb ± 0.5 18.6abb ± 0.3 18.6abb ± 0.6 23.0aaa ± 0.5 22.6aaa ± 0.6 22.3aaa ± 0.3
ASWRE: Aniseeds Waste Residue Extract, SAWRE: Star Anise Waste Residue Extract, NI ¼ non-irradiated, S.p: Streptococcus pneumoniae, S.a: Staphylococcus aureus, K.p:
Klebsiella pneumoniae, A.b: Acinetobacter baumannii, E.c: Escherichia coli, P.a: Pseudomonas aeruginosa.. Mean values followed by different superscript (within rows) and
different subscripts (within columns) are signiﬁcantly different (p < 0.05).
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phenolic extract and post-distillation extract showed moderate
antibacterial activity against Campylobacter jejuni, while Staphylo-
coccus aureus was more resistant (Kovac, Gavaric, Bucar, &Mozina,
2014). The post-distillation thyme waste extracts exhibited rela-
tively strong antibacterial potential, against all tested bacterial
strains (Escherichia coli, Staphylococcus aureus, Enterococcus spp.,
Salmonella spp., and Campylobacter spp), these results indicate the
possibility to use thyme post-distillationwaste extracts primarily in
food or pharmaceutical industries as natural additives, regarding
the relatively strong antibacterial activity on investigated bacterial
strains (Gavaric et al., 2015).
The antimicrobial activity of plant extracts depends on the type
and amount of phenolics present in the plant tissue and the path-
ogen's inherent resistance (Martini, Anyanwu, Akujobi, & Ibekwe,
2004). SAWRE were found to have better amounts of phenolic
compounds contents that might be responsible for their compar-
atively higher antibacterial activity than ASWRE (Table 3).
In this study, the HPLC analysis (Table 2) has revealed the
presence of active inhibitors in ASWRE and SAWRE including
phenolic compounds which have a key role in the observed anti-
bacterial activity of these extracts. The obtained results were very
close to other plant wastes reported by Roy and Lingampeta (2014)
who found that there is a relationship between the antibacterial
activities of pomegranate peels, jackfruit peels and custard apple
peels and their content of furfural and phenolic compounds
(mainly benezenetriol). The phenolic structure of extracts could
play a role in its high activity against the tested isolates, compared
to other tested components, as the hydroxyl group in the structure
makes it feasible for these compounds to enter the cell and per-
meabilize the cytoplasmic membrane (Xu, Zhou, Ji, Pei, & Xu, 2008)
leading to a disturbed cellular metabolism (Guynot et al., 2003).
Also data revealed that no signiﬁcant differences (5%) between
zones obtained for Gram positive bacteria and Gram negative ones.
An agreement had been shown by Mohamed, Abdelgadir, and
Almagboul (2015) who did not detect a signiﬁcant difference in
the inhibition zones exerted by anise methanolic extract on the
tested Gram-positive and Gram-negative bacteria. Many authors
supported the more susceptibility of the Gram positive bacteria
than the Gram negative ones towards phyto-constituents; these
differences are mainly due to their different cell wall structures
(Chanda, Kaneria, & Vaghasiya, 2011; Zarai, Boujelbene, Salem,
Gargouri, & Sayari, 2013).
Gamma-irradiation has been widely used as a ﬁrst choice ster-
ilization method of raw medicinal plants to be used in the phyto-
therapic industry worldwide. The effect of gamma irradiation at
dose levels of 10 and 30 kGy on the antibacterial activity of ASWRE
and SAWRE were studied and data were recorded in Table 3. It is
interesting to report that irradiation at 10 and 30 kGy did notsigniﬁcantly affect the antibacterial activity of both ASWRE and
SAWRE. No information is available in the literature on the effect of
gamma irradiation on the antibacterial activity of anise waste res-
idue. However, for other plant materials; Khattak and Simpson
(2010) showed that gamma-radiation treatment did not have any
detrimental effect on the antimicrobial activity of the Glycyrrhiza
glabra roots up to 20 kGy radiation doses. However, the radiation
treatment with 25 kGy dose showed some enhancement in the
antibacterial activity of G. glabra extract againstMicrococcus luteus.
A good agreement on the content of phenolic compounds
(responsible for antibacterial activity) among non-irradiated and
irradiated samples was found, inferring that these compounds
were stable and were not decomposed by the irradiation. The ob-
tained results were very close to other plants, Ercisli, Coruh,
Gormez, Sengul, and Bilen (2008) showed that no signiﬁcant
changes in total phenolic contents of Glycyrrhiza glabra roots were
observed following gamma-radiation treatment at dose levels of 5,
10 and 15 kGy. However, samples treated with 20 and 25 kGy ra-
diation doses showed a signiﬁcant increase in phenolic contents
(Khattak & Simpson, 2010). In contrast to this, Koseki et al. (2002)
reported a signiﬁcant decrease in the amount of total phenolic
compounds in dehydrated rosemary after irradiation at doses be-
tween 10 and 30 kGy, with respect to controls. Zhu, Cai, Bao, and
Corke (2010) reported that the doses of 2e10 kGy signiﬁcantly
decreased three phenolic acids (p-coumaric acid, ferulic acid and
sinapinic acid) and the doses of 6 and 8 kGy signiﬁcantly increased
total contents of anthocyanins and phenolic acids in black rice. The
difference in the effect of radiation on total phenolic content may
be due to plant type, geographical and environmental condition,
state of the sample (solid or dry), phenolic content composition,
extraction solvent, extraction procedures, temperature, dose of
gamma irradiation, etc.3.4. Synergy assay
3.4.1. Antibiotic modulation assay by disc diffusion
Combination of plant extracts or active constituents of plant
extract with antibiotics may be a novel approach to treat various
infectious diseases. Synergism is observed when the effect of the
combined substances is greater than the sum of the individual ef-
fects. Interaction between ASWRE and SAWRE with different
commercial antibiotics against some MDR isolates was shown in
Table 4. There is a signiﬁcant variation in the diameters of inhibition
zone values (DIZ) of both ASWRE and SAWRE and their combina-
tion with antibiotics. One noticed that some bacterial isolates are
more resistant to the antibiotics comparatively to waste extracts.
Both ASWRE and SAWRE improved the activity of most tested
antibiotic against tested isolates.
The ASWRE enhanced the activities of chloramphenicol,
Table 4
Antibacterial activity of ASWRE and SAWRE and commercial antibiotics alone and in combination against selected clinical isolates.
Antibacterials alone and in combination MDR isolates (inhibition zones in mm)
S.p S.a K.p A.b E.c P.a
ASWRE 12.0bd ± 0.5 11.0be ± 0.5 12.6bd ± 0.6 12.3bd ± 0.3 11.0be ± 0.5 18.0ab ± 0.5
SAWRE 16.6bc ± 0.3 14.6bd ± 0.3 16.3bc ± 0.3 18.3ab ± 0.3 14.3bd ± 0.6 21.0aa ± 0.5
CE 23.0ab ± 0.0 17.0bc ± 0.0 11.0cd ± 0.0 14.0cd ± 0.0 17.0bc ± 0.0 0.0dd ± 0.0
ASWRE þ CE 18.3bc ± 0.3 14.6cd ± 0.3 16.6bc±0.3 18.0bb ± 0.5 22.3ab ± 0.3 13.6cc ± 0.3
SAWRE þ CE 18.6bc ± 0.3 17.6bc ± 0.6 21.0ab ± 0.0 22.6aa ± 0.3 16.3bc ± 0.3 22.6aa ± 0.3
AX 12.0ad ± 0.0 12.0ad ± 0.0 0.0ce ± 0.0 8.0be ± 0.0 0.0cf ± 0.0 0.0cd ± 0.0
ASWRE þ AX 13.6cd ± 0.6 13.0cd ± 0.5 12.0cd ± 0.5 13.3cd ± 0.3 16.3bc ± 0.3 20.6aa ± 0.3
SAWRE þ AX 17.3cc ± 0.3 14.3dd ± 0.8 18.0bc±0.0 20.3bb ± 0.8 26.0aa ± 0.5 12.6dc ± 0.3
TE 10.0be ± 0.0 22.0ab ± 0.0 0.0ce ± 0.0 0.0cf ± 0.0 0.0cf ± 0.0 0.0cd ± 0.0
ASWRE þ TE 26.3aa ± 0.3 28.6aa ± 0.3 17.3cc ± 0.3 11.3dd ± 0.3 18.3cc ± 0.3 22.6ba ± 1.2
SAWRE þ TE 28.0aa ± 0.5 28.6aa ± 0.6 20.0bb ± 0.5 17.6cc ± 0.3 17.0cc ± 0.5 20.0ba ± 0.5
C 18.0bc ± 0.0 17.0bc ± 0.0 22.0ab ± 0.0 0.0ce ± 0.0 0.0cf ± 0.0 0.0cd ± 0.0
ASWRE þ C 26.6aa ± 0.6 27.0aa ± 0.0 28.6aa ± 0.3 22.3ba±0.8 12.3cd ± 0.3 20.3ba±0.8
SAWRE þ C 18.0cc ± 0.5 16.3cc ± 0.3 26.3aa ± 0.3 23.0ba ± 0.5 21.6ab ± 0.3 20.3ba ± 0.3
ASWRE: Aniseeds Waste Residue Extract, SAWRE: Star Anise Waste Residue Extract, CE: Cephradine, C: Chloramphenicol, TE: Tetracycline, AX: Amoxicillin, S.p: Streptococcus
pneumoniae, S.a: Staphylococcus aureus, K.p: Klebsiella pneumoniae, A.b: Acinetobacter baumannii, E.c: Escherichia coli, P.a: Pseudomonas aeruginosa.. Mean values followed by
different superscript (within rows) and different subscripts (within columns) are signiﬁcantly different (p < 0.05).
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and Staphylococcus aureas and Pseudomonas aeruginosa as evi-
denced by the increase in the inhibition zone diameters of the
antibiotic discs. Positive interaction was found against Klebsiella
pneumoniae, Acinetobacter baumannii, Escherichia coli and Pseudo-
monas aeruginosa when ASWRE was combined with cephradine
and amoxicillin (Table 4). Some researchers reported that the
synergies detected in antibioticeextract combination were not
speciﬁc to any group of organisms or class of antibiotics (Aiyegoro&
Okoh, 2009). In contrast, the current study suggests some degree of
speciﬁcity in synergism with respect to the type of organism and
class of antibiotics.
The combination of SAWRE with amoxicillin and chloram-
phenicol resulted in positive interaction against Acinetobacter
baumannii and Escherichia coli. Cephradine in presence of SAWRE
showed positive interaction against Klebsiella penumoniae and
Pseudomonas aeruginosa, whereas the activity of tetracycline
enhanced by SAWRE against resistant isolates of Streptococcus
pneumoniae and Staphylococcus aureas, Klebsiella pneumoniae and
Escherichia coli (Table 4). Kovac et al. (2014) reported that post-
distillation extract of Alpinia katsumadai seed showed ability to
improve the activity of the antibiotic against both Gram-negative
(Campylobacter jejuni) and Gram-positive bacteria (Staphylococcus
aureus).
In the current study both ASWRE and SAWRE were able to
potentiate the activities of some antibiotics against antibiotic
resistant Gram positive and Gram negative bacteria, and also both
ASWRE and SAWRE can be considered to bemore potent than some
of the antibiotics used now-a-days. Whereas both waste extracts is
better when used alone speciﬁcally against Pseudomonas aerugi-
nosa (Table 4). Earlier, It was reported that majority of polyphenoles
having antimicrobial property to some extent, Tumane, Meshram,
and Wasnik (2014) found that the peel extract of Citrus aurantium
and Citrus medica can be considered equally potent to some com-
mercial antibiotics.
Some researchers have suggested that the mechanism of the
joined action of plant extracts and antibiotics could be as a result of
perturbation of cell membrane and cell wall by the plant extract
thereby increasing the inﬂux of antibiotics into the bacterial cells
(Sibanda & Okoh, 2007). However, some of the results obtained in
this study suggested that some cases of synergism between the
extracts and the antibiotics could be as a result of some of the
phytochemicals (phenolics) that speciﬁcally react with and arrest
some speciﬁc biochemical factors that mediate multiple drugresistance in the resistant bacteria. Since both, ASWRE and SAWRE,
had valuable resistance modulatory activities, it is possible that
different compounds, other than phenolics, are responsible for the
activity. Antimicrobial activity of Aniseed and Star anise could be
attributed to Anethole, an active constituent of both Aniseed and
Star anise (Parasa, Tumati, Prasad, & Kumar, 2012). Anethole has
also been shown to possess anti-inﬂammatory and antifungal ac-
tivities. Comparison of the chemical composition of thyme etha-
nolic extract (TE) and the thyme post-hydrodistillation residue (TE-
R) showed similar contents of ﬂavonoids as well as rosmarinic acid
derivatives (Pogacar et al., 2015). Solid residues remaine after iso-
lationing the essential oil from Rosemarinus ofﬁcinalis are known to
still contain rosmarinic acid, carnosol, rosmanol, carnosic acid
(Navarrete, Herrero, Martin, Cocero, & Ibanez, 2011). Also
Timasheva and Gorbunova (2014) reported that the aqueous alco-
holic extract of fennel waste residues (Waste residues after the
extraction of essential oil) contains 8.1% of ﬂavonoids, 1.2% tannins,
0.1% of coumarins, and 0.1% of ascorbic acid on absolute dry matter
basis and some new natural biologically active products were
obtained.
3.4.2. Antibiotic modulation assay by MIC and MBC
An extract is considered to exhibit synergy with antibiotic if the
combinations lead to up to 2-fold decrease in the MIC of the anti-
biotic (Adwan & Mhanna, 2008). The action of an antibacterial on
the bacterial strains can be characterizedwith two parameters such
as minimum inhibitory concentration (MIC) and minimum bacte-
ricidal concentration (MBC). MICs and MBCs of ASWRE and SAWRE
and their combination with conventional antibiotics, result varied
according to microorganisms (Table 5). Generally, the waste ex-
tracts showed selective antibacterial properties and the activity
depended both on the species of bacteria and on the type of extract.
In general, the most active extract was SAWRE with MIC values
between 16 ml/ml to 128 ml/ml. However, the MIC values of ASWRE
were in the range from 64 ml/ml to 128 ml/ml. The obtained results
agreed well with those obtained with the discs diffusion technique.
ASWRE showed synergism against Streptococcus pneumoniae
when combined with tetracycline and chloramphenicol (P < 0.001),
lowering the MIC both antibiotics from 128 to 32 mg/ml. Similar
synergism observed against Staphylococcus aureus when ASWRE
combined with tetracycline and chloramphenicol (P < 0.001),
lowering the MIC from 128 to 16 mg/ml and 64 to 32 mg/ml,
respectively. ASWRE showed a signiﬁcant synergistic activity
against Klebsiella penumoniae (P < 0.001), reducing the MIC from
Table 5
Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) values of ASWRE, SAWRE and commercial antibiotics alone and in combination
against selected clinical isolates.
Antibacterials alone and in combination MIC/MBC
S.p S.a K.p A.b E.c P.a
ASWRE (ml/ml) 128/256 128/256 128/256 128/128 128/128 64/128
SAWRE (ml/ml) 32/32 32/32 128/128 32/32 64/64 16/32
CE(mg/ml) 4/4 32/64 4096/4096 4096/4096 512/1024 262144/262144
ASWRE þ CE(ml/ml) 8/8 64/64 64/64 64/64 64/64 32/64
SAWRE þ CE(ml/ml) 8/8 16/16 64/64 8/8 64/64 8/8
AX(mg/ml) 8/8 8/8 8192/8192 1024/2048 4096/4096 131072/131072
ASWRE þ AX(ml/ml) 16/32 16/32 64/64 64/128 64/128 32/64
SAWRE þ AX(ml/ml) 8/8 16/16 64/64 16/16 32/32 32/32
TE(mg/ml) 128/128 128/128 256/256 256/256 256/256 512/2048
ASWRE þ TE(ml/ml) 32/64 16/16 128/256 256/256 256/256 32/64
SAWRE þ TE(ml/ml) 16/32 16/16 64/64 32/32 32/32 16/16
C(mg/ml) 128/128 64/64 128/128 64/64 32/32 4096/4096
ASWRE þ C(ml/ml) 32/32 32/32 64/64 32/64 32/32 128/128
SAWRE þ C(ml/ml) 32/32 32/32 64/64 32/64 32/32 32/64
ASWRE: Aniseeds Waste Residue Extract, SAWRE: Star Anise Waste Residue Extract, CE: Cephradine, C: Chloramphenicol TE: Tetracycline, AX: Amoxicillin, S.p: Streptococcus
pneumoniae, S.a: Staphylococcus aureus, K.p: Klebsiella pneumoniae, A.b: Acinetobacter baumannii, E.c: Escherichia coli, P.a: Pseudomonas aeruginosa.
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amoxicillin, from 256 to 128 for tetracycline and from 128 to 64 mg/
ml for chloramphenicol. ASWRE showed signiﬁcant synergism in
the presence of the cephradine with a reduction in MIC from 4096
to 64 mg/ml, amoxicillinwith a reduction inMIC from 1024 to 64 mg/
ml and chloramphenicol with a reduction in MIC from 64 to 32 mg/
ml (p < 0.001) against Acinetobacter baumannii. ASWRE also
demonstrated a signiﬁcant synergistic effect when combined with
cephradine and amoxicillin lowering the MIC from 512 to 64 mg/ml
and 4096 to 64 mg/ml (p < 0.001), respectively against Escherichia
coli. The synergy between ASWRE and cephradine, amoxicillin,
chloramphenicol and tetracycline showed a high decrease in MIC
from 262144 to 32 mg/ml (p < 0.001), 131072 to 32 mg/ml
(p < 0.001), 4096 to 128 mg/ml(p < 0.001) and 512 to 32 mg/
ml(p < 0.001), respectively against Pseudomonas aeruginosa.
Also the MICs of SAWRE alone and in combination are shown in
Table 5. In combination tests, increased antibacterial activity was
observed, with MICs for the combination being signiﬁcantly lower
than those for individual substances. The addition of SAWRE
reduced the MIC of tetracycline and chloramphenicol by 8 and 4
fold for Streptococcus pneumoniae. The MIC for cephradine, tetra-
cycline and chloramphenicol were reduced by 2, 8 and 2 fold,
respectively in presence SAWRE against Staphylococcus aureus.
Synergy was evident for SAWRE in combination with cephradine,
amoxicillin, tetracycline and chloramphenicol, as the MIC of those
antibiotic in combination were reduced by 64, 128, 4 and 2,
respectively against Klebsiella penumoniae. However, in the pres-
ence of SAWRE, theMIC of cephradine, amoxicillin, tetracycline and
chloramphenicol and were reduced by 512, 64, 8 and 2 fold,
respectively against Acinetobacter baumannii. The MIC for ceph-
radine, amoxicillin and chloramphenicol were reduced by 8, 128
and 8 fold, respectively in presence SAWRE against Escherichia coli.
Synergy was evident when SAWRE were associated with ceph-
radine, amoxicillin, chloramphenicol and tetracycline. In all cases a
reduction of MIC was observed by 32768, 4096, 32 and 128 fold,
respectively against Pseudomonas aeruginosa. Data revealed that
anise wastes extracts showed ability to improve the bactericidal
effect of the antibiotics on both Gram positive and Gram negative
organisms. Thyme post-hydrodistillation residue (TE-R) had a two
fold lower MIC than thyme ethanolic extract (TE), and a higher
impact on Campylobacter jejuni growth, which was not reﬂected in
the different quantities of the major compounds (Pogacar et al.,
2015).3.4.3. Evaluation of the fractional inhibitory concentration index
(FIC) of ASWRE and SAWRE combined with some antibiotics
Distinguishing synergistic from antagonistic interactions is of
major importance for the development of improved strategies for
the management of microbial infections. The in vitro antibacterial
activities of both the aniseeds and star anise waste residues and the
different antibiotics combinations were further assessed on the
basis of the fractional inhibitory concentration (FIC) index.
Considering synergism as SFIC <1, additive as SFIC ¼ 1, indifferent
as 1 < SFIC 2 and antagonism as SFIC >2, the anise waste
extractseantibiotics combinations indicated synergism (62.5% for
ASWRE and 54.1% for SAWRE), additive/indifferent (16.6% for
ASWRE and 37.51% for SAWRE) and antagonism (20.8% for ASWRE
and 8.3% for SAWRE) (Tables 6 & 7).
The number of synergistic interaction between the SAWRE and
the antibiotics against different bacteria in each treatment is in the
following order: tetracycline > cephradine, amoxicillin and chlor-
amphenicol, While the number of synergistic interactions between
the ASWRE and the antibiotics against different bacteria in each
treatment is in the following order:
cephradine ¼ amoxicillin ¼ chloramphenicol > tetracycline. Tested
antibiotics showed varied degree of additive/indifferent effects
against different numbers of test bacteria. Synergistic interaction
was most expressed against Streptococcus pneumoniae (S1) and
Staphylococcus aureus (S1) by tetracycline and chloramphenicol.
Pseudomonas aeruginosa(P2), Klebsiella pneumoniae(K3), Acineto-
bacter baumannii(A2) and Escherichia coli(E3) by cephradine,
amoxicillin and tetracycline. Some researchers reported that the
synergies detected in antibioticeextract combination were not
speciﬁc to any group of bacteria or class of antibiotics (Aiyegoro &
Okoh, 2009). In contrast, the results of this study suggest some
degree of speciﬁcities in synergism with respect to the type of or-
ganism and class of antibiotics.
The differences in the resultant synergistic, indifferent and
antagonistic interactions were due to the elevated MIC values ob-
tained from the resistance of these bacteria to some of the antibi-
otics. These results indicate that the combinations between the
anise waste residues and cephradine, amoxicillin, tetracycline and
chloramphenicol could be useful in ﬁghting the emerging drug
resistant bacteria, which suggests the potential of these wastes
(anise waste residues after the extraction of essential oil) to
improve the performance of the antibiotics evaluated. Researches
in phytomedicine have established synergy as being important
(Konate et al., 2012). Synergistic interactions are a result of a
Table 6
Fractional inhibitory concentrations (FIC) values for the combination between some antibiotics and ASWRE.
Clinical Isolate Antibiotic FIC ASWRE FIC FIC Index Interaction
Cephradine
Streptococcus pneumoniae (S1) 2.0000 0.0625 2.0625 Indifferent
Staphylococcus aureus (S1) 2.0000 0.5000 2.5000 Antagonistic
Klebsiella pneumoniae(K3) 0.0156 0.5000 0.5156 Synergistic
Acinetobacter baumannii(A2) 0.0156 0.5000 0.5156 Synergistic
Escherichia coli(E3) 0.1250 0.5000 0.6250 Synergistic
Pseudomonas aeruginosa(P2) 0.0001 0.5000 0.5001 Synergistic
Amoxicillin
Streptococcus pneumoniae (S1) 2.0000 0.1250 2.1250 Antagonistic
Staphylococcus aureus (S1) 2.0000 0.1250 2.1250 Antagonistic
Klebsiella pneumoniae(K3) 0.0078 0.5000 0.5078 Synergistic
Acinetobacter baumannii(A2) 0.0625 0.5000 0.5625 Synergistic
Escherichia coli(E3) 0.0156 0.5000 0.5156 Synergistic
Pseudomonas aeruginosa(P2) 0.0002 0.5000 0.5002 Synergistic
Tetracycline
Streptococcus pneumoniae (S1) 0.2500 0.2500 0.5000 Synergistic
Staphylococcus aureus (S1) 0.1250 0.1250 0.2500 Synergistic
Klebsiella pneumoniae(K3) 0.5000 1.0000 1.5000 Indifferent
Acinetobacter baumannii(A2) 1.0000 2.0000 3.0000 Antagonistic
Escherichia coli(E3) 1.0000 2.0000 3.0000 Antagonistic
Pseudomonas aeruginosa(P2) 0.0625 0.5000 0.5625 Synergistic
Chloramphenicol
Streptococcus pneumoniae (S1) 0.2500 0.2500 0.5000 Synergistic
Staphylococcus aureus (S1) 0.5000 0.2500 0.7500 Synergistic
Klebsiella pneumoniae(K3) 0.5000 0.5000 1.0000 Additive
Acinetobacter baumannii(A2) 0.5000 0.2500 0.7500 Synergistic
Escherichia coli(E3) 1.0000 0.2500 1.2500 Indifferent
Pseudomonas aeruginosa(P2) 0.0078 0.5000 0.5078 Synergistic
Table 7
Fractional inhibitory concentrations (FIC) values for the combination between some antibiotics and SAWRE.
Clinical Isolate Antibiotic FIC SAWRE FIC FIC Index Interaction
Cephradine
Streptococcus pneumoniae (S1) 2.0000 0.2500 2.2500 Antagonistic
Staphylococcus aureus (S1) 0.5000 0.5000 1.0000 Additive
Klebsiella pneumoniae(K3) 0.0156 0.5000 0.5156 Synergistic
Acinetobacter baumannii(A2) 0.0019 0.2500 0.2519 Synergistic
Escherichia coli(E3) 0.1250 1.0000 1.1250 Indifferent
Pseudomonas aeruginosa(P2) 0.00003 0.5000 0.5000 Synergistic
Amoxicillin
Streptococcus pneumoniae (S1) 1.0000 0.2500 1.2500 Indifferent
Staphylococcus aureus (S1) 2.0000 0.5000 2.5000 Antagonistic
Klebsiella pneumoniae(K3) 0.0078 0.5000 0.5078 Synergistic
Acinetobacter baumannii(A2) 0.0156 0.5000 0.5156 Synergistic
Escherichia coli(E3) 0.0078 0.5000 0.5078 Synergistic
Pseudomonas aeruginosa(P2) 0.0002 2.0000 2.0002 Indifferent
Tetracycline
Streptococcus pneumoniae (S1) 0.1250 0.5000 0.6250 Synergistic
Staphylococcus aureus (S1) 0.1250 0.5000 0.6250 Synergistic
Klebsiella pneumoniae(K3) 0.2500 0.5000 0.7500 Synergistic
Acinetobacter baumannii(A2) 0.1250 1.0000 1.1250 Indifferent
Escherichia coli(E3) 0.1250 0.5000 0.6250 Synergistic
Pseudomonas aeruginosa(P2) 0.0312 1.0000 1.0312 Additive
Chloramphenicol
Streptococcus pneumoniae (S1) 0.2500 1.0000 1.2500 Indifferent
Staphylococcus aureus (S1) 0.5000 1.0000 1.5000 Indifferent
Klebsiella pneumoniae(K3) 0.2500 0.2500 0.5000 Synergistic
Acinetobacter baumannii(A2) 0.2500 0.5000 0.7500 Synergistic
Escherichia coli(E3) 0.5000 0.2500 0.7500 Synergistic
Pseudomonas aeruginosa(P2) 0.0039 1.0000 1.0039 Additive
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(Stefanovic & Comic, 2012). However some researchers have
postulated that synergistic effect of plant extract with antibiotics
could be as a result of certain complex formations which become
more effective in inhibition of a particular species of microorgan-
isms either by inhibiting the cell wall synthesis or causing its lyses
(Ahmed, Khan, Khan, Tanveer, & Lone, 2010).In this study some of the in vitro combination of anise waste
residues with tested antibiotic against some tested isolates resulted
in antagonism. However, these combinations showed decreased
activity than the antibiotic alone. It seems that some constituents of
the extracts are interfering with the active principles of the anti-
biotics, probably by the formation of complexes that are inactive.
Eze et al. (2013) reported that Picralima nitida contains alkaloids,
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substances. These phytochemicals are capable of eliciting antibac-
terial activities and may be interfering with the bioactivities of the
test antibiotics.
In phytotherapy, there are potentially signiﬁcant advantages
associated with the synergistic interactions which may be of
different antibiotics, or plant extracts or the synergy may be of
antibiotic and plant extract. The advantages are (1) increased efﬁ-
ciency (2) reduction of undesirable effects (3) increase in stability
or bioavailability of the free agents and (4) obtaining an adequate
therapeutic effect with relatively small doses, when compared with
a synthetic medication (Olajuyigbe & Afolayan, 2012).
4. Conclusion
Anise and Star anise waste residues, are promising new sources
of phenolic antimicrobial compounds offering new commercial
opportunities to Egyptian pharmaceuticals industry. However, to
date there are very scarce information and studies on aromatic and
medicinal plants wastes and their applications in pharmaceuticals
ﬁelds, which is an important area of research. This study proved the
importance of anise wastes residual extracts to inhibit the growth
of drug-resistant bacteria and it indicates that anise waste extracts
may be a new source of alternatives to conventional antibiotics in
developing countries especially in Egypt. Combination of anise
waste extracts with some antibiotics leads to new choice for
treatment of infectious diseases and waste extracts may act as ac-
tivity modifying agent for antibiotics.
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